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ABS T FACT 

Apollo 
tended 

Path loss calculations presented by K. Schmid for 
lunar surface VHF communications links have been ex- . The following configurations are considered: 

(1) Lunar Module - Extra Vehicular Astronaut (LM-EVA) 
(2) Extra Vehicular Astronaut #1 - Extra Vehicular 

( 3 )  Extra Vehicular Astronaut - Lunar Communications 
Astronaut # 2  - (PVA-EVA-) 

Relay Unit (EVA-LCRU) 

The following results were obtained: 

1. 

2. 

Under equivalent soil conditions and for those sur- 
face distances that permit a line of sight path to 
exist on the lunar surface, a lunar surface trans- 
mission path has a path loss that is no more than 2 
decibels greater than an equal length transmission 
path on the earth’s surface. The greater curvature 
of the lunar surface is the cause of the higher 
losses in the lunar surface transmission path. 

Increased surface roughness could provide significant 
additional margin in the performance of the radio 
link. 

4 

3. Variations in the pertinent soil parameters (conduc- 
tivity (a) and relative dielectric constant ( E  1 )  
will not affect the performance of the radio link 
significantly unless the magnitudes of these parameters 
lie far outside the ranges considered here for those 

r 

parameters (a=10 -5 to mhos/meter, and ~ ~ = 1 . 4  to 4 ) .  
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I. INTRODUCTION 

The path loss, or attenuation, of a VHF radio signal 
transmitted over a spherical surface has been calculated for 
three possible Apollo communications configurations to provide 
an estimate of the expected performance of these lunar surface 
communications links on future Apollo missions. 

The three communications links considered here are 
the following: 

1. Lunar Module - Extra Vehicular Astronaut 
(LM - EVA) 

2. Extra Vehicular Astronaut (1) - 
Extra Vehicular Astronaut ( 2 )  

(EVA - EVA) 
3 .  Extra Vehicular Astronaut - Lunar Communications 

Relay Unit 
(EVA - LCRU) 

The path loss f o r  these links was calculated for 
several sets of surface conditions that are believed to be 
representative of future Apollo missions. The effect, on 
this path loss, of the difference in the radius of curvature 
of the earth and moon, is also given. 

Results of the path loss calculations are shown in 
Figures 1 through 4 as a function of surface distance between 
antennas. These plots are a composite of the results of three 
types of path loss analysis. 

(a) For the region near the horizon and beyond, the 
calculations are based on the residue series 
analysis by H. Bremmer [ 2 ]  presented in Reference 3 .  

For the nearer line-of-sight region, the calcu- 
lations are based on the geometric optics analysis 

(b) 
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used by K. Schmid, [l] and also J. F. Lindsey I11 [ 4 ] .  
The nearest and furthest bounds of the region where 
the optics analysis is valid, specular reflection 
region [ll, are a function of the surface roughness [51 
and the ratio of the wavelength to the radius of 
curvature of the transmission path [6] respectively. 

(c) For the region near the transmitting antenna the 
path loss is simply equal to that of a free space 
transmission path. 

For a reasonably smooth surface, the standard devia- 
tion of the surface irregularities are equal to or less than 
0.25 meters, the transitions between the regions defined above 
are quite smooth. For example, in the case of the LM-EVA link 
the geometric optics and residue series calculations give 
essentially the same results for the range of surface distance 
from 600 to 1800 meters: the maximum difference is 0.5dB. 

11. EARTH SURFACE VS LUNAR SURFACE TRANSMISSION PATH 

Figures 1-3 present the path loss calculated, as 
discussed above, for the LM-EVA, EVA-EVA, and the EVA-LCRU 
configurations. These figures present the calculated path 
loss for a radio link on the surface of the moon and also the 
path loss for that link on the surface of the earth. The 
curves show that the lunar surface transmission path differs 
from the earth surface transmission path only for the region 
near the lunar horizon and beyond: this difference at a distance 
equal to the lunar horizon is only about 2 decibles. However, 
the validity of this comparison is dependent on locating the 
radio link on the earth where the surface parameters are those 
shown on the figures ( ~ ~ = 4 ,  mhos/meter) , which corresponds 
to those parameters used by Lindsey in Reference [ 4 ] .  

111. LUNAR SURFACE ROUGHNESS 

Figure 4 shows the effect of the variation in the 
surface roughness on the calculated path loss for the LM-EVA 
configuration. The roughness is defined as 

Ah the standard deviation of the height of 
the surface irregularities 

a Ah = 0.25 meters gives results that are within 0.5dB of the 
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r e s u l t s  o b t a i n e d  f o r  a smooth s u r f a c e .  I n  t h e  l i m i t  a s  t h e  
roughness  i n c r e a s e s ,  t h e  p a t h  l o s s  approaches  t h a t  c a l c u l a t e d  
f o r  a f r e e  space  t r a n s m i s s i o n  p a t h .  The Ah = 1 0  meters curve 
of f i g u r e  4 shows t h a t  f o r  a roughness  of  1 0  meters t h e  p a t h  
l o s s  i s  s t i l l  w i t h i n  4dB o f  t h e  loss c a l c u l a t e d  f o r  a f r e e  
space  p a t h  a t  a d i s t a n c e  o f  1 km. 

I V .  LUNAR SOIL PARAMETERS 

P a t h  l o s s  w a s  c a l c u l a t e d  f o r  t h e  f o l l o w i n g  magni- 
t u d e s  of  s o i l  p a r a m e t e r s :  

o = mhos/meter, = 4 

-5  II u = 10 11 = 1 . 4  'r 

For  a f u r t h e r  d i s c u s s i o n  o f  estimates f o r  t h e s e  pa ra -  
meters o b t a i n e d  from measurements see References  [ 7 ,  8 ,  93. 
The d i f f e r e n c e s  between t h e  p a t h  l o s s  c a l c u l a t e d  u s i n g  t h e  
f o u r  p o s s i b l e  combina t ions  of t h e  above p a r a m e t e r s ,  are  o n l y  
0.2dB. 

V.  CONCLUSIONS 

1. The p a t h  l o s s  of a r a d i o  l i n k  on t h e  l u n a r  s u r f a c e  
e x c e e d s ,  b u t  by no more t h a n  2 d e c i b e l s ,  t h e  p a t h  
l o s s  of  a n  e q u a l  l e n g t h  r a d i o  l i n k  l o c a t e d  on t h e  
e a r t h ' s  surface - prov ided  t h a t  t h e  s u r f a c e  d i s t a n c e  
between t h e  an tennas  i s  no g r e a t e r  t h a n  t h e  d i s t a n c e  
t o  t h e  l u n a r  hor izon .  The l u n a r  h o r i z o n  d i s t a n c e  
i s  d e f i n e d  as t h e  maximum surface d i s t a n c e  between 
two a n t e n n a s  on t h e  l u n a r  s u r f a c e  t h a t  p e r m i t s  a l i n e  
of  s i g h t  p a t h  between them. The added a t t e n u a t i o n  
o f  t h e  l u n a r  s u r f a c e  t r a n s m i s s i o n  p a t h  r e s u l t s  from 
t h e  g r e a t e r  cu rva tu re  of  t h e  l u n a r  s u r f a c e .  

2 .  The s u r f a c e  roughness  can  be a s i g n i f i c a n t  f a c t o r  
i n  t h e  performance o f  a l u n a r  s u r f a c e  r a d i o  l i n k .  
The performance of a sys tem des igned  on t h e  b a s i s  
of  a p e r f e c t l y  smooth s u r f a c e  shou ld  always pro-  
v i d e  c o m f o r t a b l e  margins  i n  t h e  e v e n t  t h a t  increas- 
i n g l y  rougher  s u r f a c e  c o n d i t i o n s  are e n c o u n t e r e d ,  
p rov ided  t h a t  a l i n e  of  s i g h t  p a t h  remains .  

3 .  I f  t h e  l u n a r  s o i l  p a r a m e t e r s  l i e  i n  t h e  assumed 
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ranges of 

- 4 -  

- 3  u = 10 to mhos/meter 

2 0 34 -NWS-ms 

E = 1.4 to 4.0 r 

a variation in soil parameters does not cause a 
significant variation in path loss. 

5w. h*/&d--&J 
N. W. Schroeder 

Attachments 
Figures 1 thru 4 
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A P P E N D I X  

P a t h  Loss Equa t ions  

Purpose : 

The purpose  of t h i s  appendix  i s  t o  p r e s e n t  t h e  equa- 
t i o n s  t h a t  w e r e  used i n  c a l c u l a t i n g  t h e  p a t h  loss f o r  t h e  
r a d i o  l i n k s  d i s c u s s e d  i n  t h e  t e x t  o f  t h i s  memorandum. 

F i g u r e s  1 t o  3 i n  t h e  t e x t  are p l o t s  of p a t h  l o s s  
as a f u n c t i o n  o f  s u r f a c e  d i s t a n c e  between a n t e n n a s  of a r a d i o  
l i n k  o p e r a t i n g  o v e r  a rough s p h e r i c a l  s u r f a c e .  Three d i s t i n c t  
r e g i o n s  are l a b e l e d  on t h e s e  f i g u r e s :  t h e  b a s i s  f o r  d e f i n i n g  
t h e s e  r e g i o n s  l i e s  i n  t h e  c h a r a c t e r  o f  t h e  r a d i o  s i g n a l  t h a t  
e x i s t s  a t  t h e  r e c e i v i n g  a n t e n n a .  N e a r  t h e  h o r i z o n  and beyond, 
s u r f a c e  wave r e g i o n ,  t h e  r e c e i v e d  s i g n a l  i s  comprised e s s e n -  
t i a l l y  o f  t h e  s u r f a c e  wave t h a t  can  be c a l c u l a t e d  u s i n g  t h e  
r e s i d u e  series a n a l y s i s  by  Bremmer [ 2 ] .  A t  n e a r e r  d i s t a n c e s  
where a l i n e  of  s i g h t  p a t h  e x i s t s  between t h e  a n t e n n a s ,  specu- 
l a r  r e f l e c t i o n  r e g i o n ,  the  r e c e i v e d  s i g n a l  i s  comprised of  t h e  
vector sum of t h e  s i g n a l s  t r a v e l i n g  d i r e c t l y  between t h e  two 
a n t e n n a s  and t h o s e  s i g n a l s  which are r e f l e c t e d  from t h e  s p h e r i -  
c a l  s u r f a c e .  Near t h e  t r a n s m i t t i n g  an tenna  and up t o  a d i s -  
t a n c e  d e f i n e d  by t h e  Rayle igh  c r i t e r i a ,  d i f f u s e  r e f l e c t i o n  
r e g i o n ,  t h e  rough s p h e r i c a l  s u r f a c e  r e f l e c t s  t h e  i n c i d e n t  
s i g n a l  d i f f u s e l y ;  t h e r e f o r e ,  t h e  r e c e i v e d  s i g n a l  i s  e s s e n t i a l l y  
t h e  same as t h a t  f o r  a t r a n s m i s s i o n  p a t h  i n  f r e e  space .  

I. D i f f u s e  R e f l e c t i o n  Region (Region n e a r  t r a n s m i t t i n q  a n t e n n a )  

S i n c e  t h e  s i g n a l  r e f l e c t e d  from t h e  s u r f a c e  i n  t h i s  
r e g i o n  c a u s e s  o n l y  n e g l e g i b l e  i n t e r f e r e n c e  w i t h  t h e  s i g n a l  
t h a t  t r a v e l s  between t h e  an tennas  v ia  a d i r e c t  p a t h ,  t h e  p a t h  
l o s s  for  t h i s  r e g i o n  i s  e s s e n t i a l l y  e q u a l  t o  t h a t  o f  a f r e e  
s p a c e  p a t h .  

P a t h  loss  = 2 0  loglo RFS + 2 0  loglo FMHz 
(1) 

+ 32.45 

= Direct p a t h  d i s t a n c e  between a n t e n n a s  i n  RFS k i 1 ome ter s 

(dB) 

= Carr ie r  f requency  i n  megahertz F ~ ~ z  
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11. S p e c u l a r  R e f l e c t i o n  Region (Region e x t e n d i n q  beyond 
d i f f u s e  r e f l e c t i o n  r e g i o n  t o  n e a r  h o r i z o n )  

I n  t h i s  r e g i o n  t h e  r e c e i v e d  s i g n a l  i s  c a l c u l a t e d  
( 2  1 u s i n g  t h e  geometric o p t i c s  a n a l y s i s .  

P a t h  l o s s  (11) = 20 loglo RFS + 20 loglo FMHz + 32.45 

r = R e f l e c t i o n  c o e f f i c i e n t  o f  rough s p h e r i c a l  s u r f a c e .  

= r r m s  lrol o i v  

r r m s  = ( e x p  [ - (4aAh s i n  y ]'I] 1 / 2  

A 

Ah = S t a n d a r d  d e v i a t i o n  of t h e  h e i g h t  i r r e g u l a r i t i e s  
o f  t h e  s p h e r i c a l  s u r f a c e  i n  meters. 

y = Grazing  a n g l e  of t h e  reflected s i g n a l .  

A = Wavelength o f  t h e  car r ie r  s i g n a l  i n  meters. 

r = P l a n e  s u r f a c e  r e f l e c t i o n  c o e f f i c i e n t .  
0 

- - 
E c s i n  y + ('c - cos2 y) 2 

E = Relat ive d i e l e c t r i c  c o n s t a n t  o f  t h e  s u r f a c e  r material .  

= C o n d u c t i v i t y  of t h e  s u r f a c e  mater ia l  i n  
mhos/meter . 
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D i v  = Divergence r e s u l t i n g  from t h e  g e o m e t r i c a l  
c o n f i g u r a t i o n  of t h e  r a d i o  l i n k .  

1 + sin y + 2 R R 1  RR2 = [  + R A ( R R 1  + 'R2) sin Y RA IRR1 + 
2 R R 1  R R 2  

RA = Radius o f  c u r v a t u r e  of t h e  s p h e r i c a l  s u r f a c e  
i n  meters. See F i g u r e  A-1 f o r  d e f i n i t i o n  of 
remain ing  terms. 

'pa th  = D i f f e r e n c e  i n  p a t h  l e n g t h  between d i r e c t  and 
r e f l e c t e d  p a t h s  i n  meters. 

0 0 6 RF = r + 2Il pa th  
x 

The bounds o f  t h e  s p e c u l a r  r e f l e c t i o n  r e g i o n  are 
d e f i n e d  i n  t e r m s  o f  t h e  g r a z i n g  a n g l e  (y). 

-1 n e a r e s t  bound ymax = s i n  

1 
f u r t h e s t  bound 'mi, = t a n  

111. S u r f a c e  Wave Region (Region n e a r  and below h o r i z o n )  

I n  t h i s  r e g i o n  t h e  r e c e i v e d  s i g n a l  i s  c a l c u l a t e d  
u s i n g  t h e  r e s i d u e  series d e r i v e d  by B r e m m e r .  

P a t h  loss (111) = 20  loglo RSD + 20 loglo Fmz + 32.5 ( 5 )  
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A1 = Plane earth gain 

RSD = Surface distance 
5 = Distance factor 

-l 

4 -  

factor 
-1 

between antennas 

6 = Ground parameter 

*F(h1,2)  = Antenna height gains 

I '  

E 
C 

x = l + j  
i 

* 
= Heights of antennas in 

1,2 
Expression is valid for h 

2 
3 

meters h <30 A only. 

n T = Mode numbers 

= 1.856 J13 '1 

= 3 . 2 4 5  /-n.4 '2 
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= 4.382 /-=I3 T 3  
n 

T n74= - - 
L J 

I V .  SKIN PEPTH OR ABSOl?PTION LENGTH 

A wave s t a r t i n g  a t  t h e  s u r f a c e  of a conduc to r  i s  
a t t e n u a t e d  as it p r o p a g a t e s  inward. The magnitude o f  t h i s  
a t t e n u a t i o n  i s  a f u n c t i o n  o f  t h e  p r o p e r t i e s  of  t h e  conduc to r  
and t h e  wavelength of  t h e  wave p ropaya ted .  S ince  t h e  wave 
i n s i d e  t h e  conduc to r  i s  normally a t t e n u a t e d  v e r y  s e v e r e l y ,  
t h e  f i e l d  i s  l o c a l i z e d  i n  a t h i n  s u r f a c e  l a y e r  whose t h i c k -  
n e s s  i s  r e f e r r e d  t o  as t h e  s k i n  dep th  o r  a b s o r p t i o n  l e n g t h  of 
t h e  conduc to r .  B y  d e f i n i n g  t h e  t h i c k n e s s  of  t h i s  l a y e r  e q u a l  
t o  t h e  d i s t a n c e  t h a t  t h e  wave can  be p r o p a g a t e d ,  i n s i d e  t h e  con- 
d u c t o r  b e f o r e  t h e  wave i s  a t t e n u a t e d  t o  l /e  (36 .8%)  of i t s  
i n i t i a l  magni tude a t  t h e  s u r f a c e ,  t h e  measurable  s k i n  dep th  
and t h e  p r o p e r t i e s  of t h e  conductor  can  be  r e l a t e d  as  fo l lows* :  

= s k i n  depth  o r  a b s o r p t i o n  
l e n g t h  i n  meters 

w = 211f rad ians /second 

1 ~ -  = 411x10-~ henry/meter  
u = c o n d u c t i v i t y  of  conduc to r  i n  mhos/meter 

s o l v i n g  f o r  t h e  c o n d u c t i v i t y  g i v e s  

f m h Z  mhos/meter 
2 2  u =  

(36II ( l o 3 )  

= Frequency of  wave i n  MHz frnhz 

x = Absorpt ion l e n g t h  measured i n  
wavelengths .  

* T i m e  Harmonic E lec t romagne t i c  F i e l d s ,  Roger F. H a r r i n g t o n ,  
M c G r a w - H i l l  Book Company, 1 9 6 1 .  



I Y 
FIGURE A-1. GEOMETRY FOR REFLECTION REGION 
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